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The two-pion production in pp-collisions has been investigated at CELSIUS in exclusive measurements from 
threshold up to Tp = 1.36 GeV. Total and differential cross sections have been obtained for the channels pnTr^vr", 
PP'k'^'k~ , ppTT^TT^ and also nrm^-K^ . For intermediate incident energies Tp > 1 GeV, i.e. in the region which 
is beyond the Roper excitation but at the onset of AA excitation, the total p-p-K^-n^ cross section falls behind 
theoretical predictions by as much as an order of magnitude near 1.2 GeV, whereas the nrm'^'K'^ cross section is 
a factor of five larger than predicted. An isospin decompostion of the total cross sections exhibits a s- channel- like 
energy dependence in the region of the Roper excitation as well as a significant contribution of an isospin 3/2 
resonance other than the A(1232). As possible candidates the A(1600) and the A(1700) are discussed. 



Two-pion production in nucleon-nucleon colli- 
sions is an outstanding subject, since it connects 
TTTT dynamics with baryon and baryon-baryon de- 
grees of freedom. There is increasing evidence 
that the puzzling ABC effect observed in double- 
pionic fusion reactions may possibly be traced 
back to an isoscalar resonance phenomenon as 
source for the peculiar pion pair production in the 
TTTT scalar-isoscalar state [1"2'3'4| . By contrast the 
isovector tttt channel in double-pionic fusion be- 



haves regularily, i.e. shows no ABC effect and fol- 
lows the expectations from conventional t-channel 
A A calculations 5j. 

In view of the challenging explanation |2|3|4| of- 
fered for the ABC effect it is interesting to study 
for comparison the behavior of tttt production in 
isoscalar, isovector and isotensor tttt channels in 
those cases, where the two actively participating 
nucleons do not fuse into a final nuclear bound 
system. From previous work it is known that the 
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near-to-threshold behavior of pp ppTr^TT" and 
pp — > ppir^n'^ channels is well understood as being 
dominated by excitation and decay of the Roper 
resonance |6l7l8l9lfUj . At higher proton beam en- 
ergies Tp > 1.2 GeV theoretical calculations [6 
predict the t-channel AA excitation to take over 
the dominant role. These calculations are com- 
pared in Figs. 1 and 2 with the available total 
cross section data |llll2ll3ll4ll5ll6ll7ll8ll9l20| 
including the new data from this work for the en- 
ergy region from threshold up to Tp = 2.2 GeV. 
Beyond this energy the available sparse data in- 
dicate that the cross sections essentially saturate. 

As already demonstrated previously |ll|19j the 
experimentally obtained total cross sections for 
the various channels of the NNtttt system are 
linked by isospin relations [ll|21j . which may be 
used for a model-independent isospin decomposi- 
tion of the total cross sections. Such a decompo- 
sition in turn provides valuable insight into the 
participating reaction mechanisms, in particular 
into the quest, which resonances contribute. 

For the pp incident channel we have four pos- 
sible NNtttt exit channels: ppir^TT^, ppir^TT^, 
pnTT^TT^ and uutt'^tt^ . For these the following 
isospin relations apply: 

= ^|Mi2i -\/5A/ioiP (1) 

CTpp^+^- = TM 1^121 + 2%/5Mioi|2 -I- i|Miii|2 
f^p«.+." = |)|Ari2iP + ||MinP + i|Moii|2, 

where M,i , ,i denotes the reduced ma- 
trix element for the isospin I^^t^ of the pion pair 
and for the isospins I^jj^ and of the nucleon 
pair in final and incident channels, respectively. 
As we see from eq. (1), the simplest situation 
with regard to isospin decomposition is given for 
the miTT'^TT^ channel, which depends only on a 
single matrix element. We also note that in most 
cases the matrix elements enter incoherently in 
the total cross sections 0- Only in the pptt^tt^ 

^Note that in differential cross sections the isospin matrix 
elements in general enter coherently, which complicates 
the isospin decomposition there. Hence we stick here to 
the treatment of total cross sections and leave the dis- 
cussion of the differential cross sections for a forthcoming 
paper 



and ppTT~^TT~ channels the matrix elements M121 
and A/101 enter coherently, i. e. lead to an in- 
terference term. Since in the latter the relative 
phase (j) between both matrix elements enters, we 
may rewrite the expressions for the ppir^Tr'^ and 
ppTT^TT^ channels in the following way: 

app^a^o = ^|A'/i2ip -I- j^|Afioip- 

-7kl^i2i||Afioi|W (2) 

f^pp.+.- = Tio|A/i2iP + ^lAfioiP + i|A/iii|2 
+ 7k 1^-^121 1 |A/ioi|cos(/.. 

Thus for each incident energy we have the five 
parameters |Afi2i|, |Afiii|, |Afioi|, lAToiil and (j) 
to be determined from the four experimental val- 
ues for the total cross sections of the channels 
ppTT'^TT" , ppir'^TT^, pniT'^TT^ and nnTT~^Tr~^. Since 
this system is underdetermined, there is a priory 
no unique solution and we need additional physics 
input. Such a piece of input is provided by the in- 
formation that I Afiii I got to be small compared to 
|Afioi| for three reasons: First of all, |Afiii| must 
vanish in the near-threshold region, since by Bose 
symmetry isovector tttt pairs must be associated 
with p-waves, which vanish at threshold B Sec- 
ond, the Roper excitation, which is the leading 
process in the near-threshold region [6I7I8I9I10] . 
contributes only a tiny fraction of its strength to 
|Afiii| and finally , the A A process, which is the 
leading process at higher energies does not con- 
tribute at all to |Afiii|. From this we conclude 
that |Afiii| must play a minor role and the main 
difference between Cpp^o^o and crpp^+^- cross sec- 
tions must be associated to the interference term, 
which then fixes 4> (see eq. (2)). 

This suggests the following strategy: The total 
cross sections of the nnTr+Tr"*" channel uniquely 
determines |Afi2i| at each incident energy. Hav- 
ing fixed the phase 4> from inspection of pptt'^tt~ 
and pptt'^tt'^ cross sections we can derive |A/ioi| 

^Indeed, in the near-threshold region, which is well covered 
by the exclusive measurements at CELSIUS and COSY, 
we find to good approximation 

<7pj,^+^- (Tp) = 2 a^p^o^oiTp - 20MeV) 
for Tp < 800 MeV within experimental uncertainties, 
where the 20 MeV correction of the lab beam energy Tp 
accounts for the different reaction thresholds due to dif- 
ferent TT^ and tt'' masses. I.e. in this region both cross 
sections are well explained by Mioi solely. 
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Figure 1. Energy dependence of the total cross 
sections for the pp — > nriTr+Tr"'" (top) and pp — > 
ppTT^TT^ (bottom) reactions. Thick sohd dots 
represent the experimental results of this work. 
The filled triangles give PROMICE/WASA re- 
sults [in] ■ Open symbols denote previous bubble- 
chamber measurements |15I17I18I19| . The drawn 
curves show the predictions of Ref. [6] for non- 
and semi-resonant (short dashed: contributions 
from diagrams (1) - (3) and (6), (7), respectively 
in Ref. [B]), AA (jdotted) and Roper {N* Na: 
short and long dashed, N* Att: long dashed) 
excitation processes. The solid lines denote the 
full calculations. 



Figure 2. The same as Fig. 1 but for for the 
pp — > ppTT^TT^ (top) and pp — > pmr^ir'^ (bot- 
tom) reactions. The data are from Refs. [TTl 
I12I13I14I15I16I17I18I19I20] and this work (solid 
dot). The open symbols denote bubble-chamber 
|llll4ll5ll6ll7ll8j results and for pp ppTT+n' 
also single-arm magnetic spectrometer measure- 
ments from LAMPF [12I13| . The filled trian- 
gles give PROMICE/WASA results 19J, whereas 
filled squares (top figure only) show COSY-TOF 
measurements pO] , 
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from the values of the ppir^ir'^ cross section. Af- 
ter having determined |Miii| subsequently from 
the ppTT^TT" cross sections, we confront our re- 
sults with the expectation of resonances excited 
in these reactions. 

Since the available data base has been quite re- 
stricted strongly hampering previous isospin de- 
compostion analyses, we have carried out a sys- 
tematic program of exclusive two-pion produc- 
tion measurements in pp collisions from threshold 
up to Tp = 1.36 GeV using the WAS A detector 
[22] with the hydrogen pellet target system at the 
CELSIUS storage ring of the Theodor Svedberg 
Laboratory in Uppsala. The detector has nearly 
full angular coverage for the detection of charged 
and uncharged particles. The forward detector 
consists of a thin window plastic scintillator ho- 
doscope at the exit of the scattering chamber, fol- 
lowed by straw tracker, plastic scintillator quirl 
and range hodoscopes, whereas the central de- 
tector comprises in its inner part a thin-walled 
superconducting magnet containing a minidrift 
chamber for tracking and in its outer part a plas- 
tic scintillator barrel surrounded by an electro- 
magnetic calorimeter consisting of 1012 Csl (Na) 
crystals. 

Protons and neutrons have been detected in the 
forward detector. The protons have been iden- 
tified by the AE-E technique, neutrons by the 
condition of having no signals in the thin detec- 
tors window hodoscope, straw tracker and quirl. 
Charged pions and photons have been detected 
and identified in the central detector. 

The absolute normalization of the data has 
been achieved by normalizing simultaneously 
measured elastic scattering and/or single pion 
production cross sections to known values. 

Total as well as differential cross sections have 
been obtained for pmr'^Tr'^, pp-K'^i:~ , ppn'^n'^ and 
also nmr'^Tr'^ channels. Here we concentrate on 
total cross sections, which are shown in Figs. 1 
- 4 together with previous experimental results 
|7l8lllll2ll3ll4ll5ll6ll7ll8ll9l20j as well as to 
the theoretical predictions [6]. For the pp7r°7r° 
channel total cross section values of 1.6(1), 9(1), 
19(2), 28(3), 32(4), 102(16), 198(25) at Tp = 
0.775, 0.9, 1.0, 1.1, 1.2, 1.3 and 1.36 GeV have 
been obtained. For nmr^TT'^ and pmr^n'^ chan- 



nels the results at Tp = 1.1 GeV are 34(4) and 
284(30) respectively. These data are plot- 
ted in Figs. 1 - 4 by filled circles. Previous re- 
sults from PROMICE/WASA i7|g|19| are shown 
by filled triangles and those from COSY-TOF [20] 
by filled squares. All these data stem from exclu- 
sive measurements of solid statistics. The other 
previous data denoted by open symbols in Figs. 
1-4 are bubble chamber results, partly of very 
low statistics, or single-arm magnetic spectrome- 
ter measurements from LAMPF [12113] . 

As we see from Figs. 1 and 2 our measurements 
are in good agreement with previous experimen- 
tal results, in particular also with previous bub- 
ble chamber results [15I17| for the nn7r+7r+ and 
ppn'^Tr'^ channels, where we observe strong devia- 
tions from the theoretical predictions for Tp > I 
GeV. 

Two surprising features emerge from these 
measurements for incident energies Tp > 1 GeV, 
i.e. in the region, which is beyond the Roper ex- 
citation, at the onset of the AA excitation : 

• Whereas the experimental pp7r°7r° cross sec- 
tions agree well with theoretical predictions 
[5] up to Tp w 1 GeV, i.e. in the region of 
the Roper excitation, they disagree strongly 
at higher energies. The predicted cross sec- 
tion keeps rising smoothly with increasing 
Tp, however, the data level off for Tp > 1.0 
GeV, falling behind the predictions by an 
order of magnitude near 1.2 GeV and ex- 
hibiting then a sharp rise at Tp > 1.2. This 
behavior is also in contrast to that observed 
in the ppir^TT^ channel, which is well de- 
scribed by the theoretical calculations. 

• In sharp contrast the observed nmT~^7T~^ 
cross sections are a factor of 5 larger than 
the theoretical predictions. This is very 
surprising, since under the assumption that 
AA excitation is the dominant process we 
would expect the ppn^w^ cross section to 
be four times larger than the nmr'^TT'^ cross 
section by use of simple isospin arguments, 
since in this case both channels originate 
from the same intermediate A'^A^ system. 

In order not to depend on model assump- 
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tions we have carried out an isospin decom- 
position of the total cross sections as outHned 
above. In order to get the decomposition for 
all energies, which have been measured, we draw 
smooth curves through the data points and for 
the nnn'^iT'^ channel wc also extrapolate to lower 
energies guided by the slope of the theoretical pre- 
dictions (shaded curve in Fig. 3, where the ver- 
tical extension of the shaded area indicates the 
assumed uncertainty of the extracted isospin de- 
composed cross sections). 

We use the following convention for showing 
the isospin decomposed results in Figs. 3 and 4: 
the results for the matrix elements are shown as 
their incoherent contribution to the cross section 
of interest. I.e., the result for, e.g., |Mi2i| is 
shown in the plot for the nn7r+7r+ channel as crj'^'l 
= ^|Mi2ip and in the ppn^n^ channel as cr^i = 
^|Mi2ip etc., see shaded and dotted curves in 
Fig. 3 and 4, respectively. 

In a first step we assume [Mm | to be ncglcgible 
for reasons given above. Since |Mi2i| is uniquely 
fixed by <Jnmr+Tr+, we derive then |Mioi| and the 
phase (j) from (Jppj^a^o and (Jpp^+.^- . In the near- 
threshold region, where these cross sections scale 
in good approximation like 1:2, i.e. like the |Mioi | 
contributions do, and where ^n^d cr^Y 

lower by two orders of magnitude, the cos(/) in- 
terference term does not contribute significantly 
and hence (f> is not well determined in this re- 
gion. However, for the region Tp > 1.0 GeV we 
immediately see that the isoscalar-isotensor inter- 
ference must be strongly constructive for crpp^+^r- 
and strongly destructive for (Tpp^Oj^o, in order to 
account for the experimental observation that 
'^ppiT+iT- is larger than (TppTrO^o by up to an or- 
der of magnitude. Actually we only can arrive at 
a reasonable description of both channels in this 
region, if the interference is maximal, i.e. (f> = 0. 
That way we also obtain |Mioi| from the ppn^TT^ 
cross section plotted as (Tjoi (shaded curve in Fig. 
3). 

The cross sections crioi+121 calculated from 
the |Mioi| and |Mi2i| contributions (including 
their interference) are given in Figs. 3 and 4 
by solid (aj°j = cr°oi-|-i2i) and dot-dot-dashed 
(cr^Y-M2i) lines, respectively. We see that in the 
jjpTT+TT" channel not only the near-threshold re- 



gion is well reproduced, but also the high-energy 
region, where pptt^tt" and ppTr+Tr" data behave 
very differently. Unfortunately the pp7r+7r~data 
in this energy region show quite some scatter, 
which hampers severely a quantitative extraction 
of |Miii|. In fact, due to the propagation of the 
uncertainties in the data the uncertainties in cr^ 
get unpleasantly large at higher energies (shaded 
area in Fig. 4). We only can state that, since 
o'ioi-i-i2i is low compared to the data by up to 
30 % in the region 0.9 GeV < Tp < 1.2 GeV, 
the |Miii| contribution must be of this order of 
magnitude there. A better fixation of|Miii| defi- 
nitely needs high-quality (7^^^+^- data, which are 
not available at present. 

Since continuing with the determination of 
I Moil I that way would mean even larger uncer- 
tainties for this matrix element, we instead con- 
front our results with the expectation from a res- 
onance scenario based on the isospin decomposi- 
tion results for |Mioi| and |Mi2i[ . 

In the resonance scenario we have the excita- 
tion of one or two resonances in the intermediate 
step of the reaction process, which then decay by 
pion emission into the NNtttt channels. In par- 
ticular we have the excitation of the Roper or 
other higher-lying N* resonances schematically 
described by pp NN* NNnn, the AA 
excitation {pp AA — > NNtttt ) and - as we 
shall see below - the excitation of the A(1600) 
{pp iVA(1600) -» A^Att NNtttt) or possibly 
also A(1700). 

For each particular resonance scenario the 
reduced isospin matrix elements are linked by 
simple isospin relations obtained from isospin 
recoupling by use of 9j symbols. For A^* exci- 
tation we obtain for the decay branch A^* Na : 

M^^l^^'' = Mfil^^'' = M^^i'"^" = (3) 
and for the decay branch N* — > Att : 

A/fN'^Air I 1 l\^Af*— >A7r 

-'"ill — "r2-'"l01 

Morr^"" = (4) 

M^r^- = 

The relation between both branches of the 
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Figure 3. Isospin dccompostion of the total 
cross sections for the pp nmr^n^ (top) and 
pp pp-K^TT^ (bottom) reactions. Data are rep- 
resented by open and filled symbols, see caption 
of Figs. 1-2. The drawn lines show the extracted 
contributions of (T121, (Jim and (Jioi+121 as indi- 
cated in the figures. The decomposition of cri2i 
into A(1600)) and AA contributions as well as 
of (Tioi into N* and AA contributions are also 
shown. All these curves are estimated to have 
uncertainties of the same order as indicated by 
the shaded area displayed for a^.^ (top) and trJoi 
(bottom). 



Figure 4. Same as Fig. 3, but for the pp 
ppTT^TT^ (top) and pp pmr^TT^ (bottom) re- 
actions. Data are represented by open and filled 
symbols, see caption of Figs. 1-2. Broken 
lines show the extracted contributions of cri2i, 
Cm, (Ton and crioi-i-121 as indicated in the fig- 
ures, whereas solid lines denote their sum pro- 
viding the total cross sections for pp — > ppn'^ Tr~ 
i'^toi = o-m+121 + <^iii) and pp pmr+Tr° 
(ctj^j — crQii+aiii + ai2i)- The large shaded area 
indicates aiii{data) as derived by direct compar- 
ison of the pp —> ppTr'^TT~ reaction data with 
C101+1217 whereas am (dashed line) is derived 
by use of relations (3) - (6). 
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Roper process is well-known from the studies of 
the pp —> pp7r"*"7r~ and pp ppir^ir'^ reactions 
in the near-threshold region |6I7I8I9|ID] . For the 
AA excitation we get: 



-'»^ioi 



Mtit = 



(5) 



and for the excitation of the A(1600) and its 
dominant decay branch A(1600) — > Att Ntttt 
we find: 



M. 



M, 



A(1600) 
111 

A(1600) _ 



Oil ~ 
,^A(1600) _ 



5 , ,.A(1600) 
3^"121 



10 ,,;-A(1600) 



(6) 



0. 



From this we see that the two-pion decay of 
N* resonances does not contribute to (T121 and 
hence also not to <Jpp^nmr+'7T+ ■ Therefore this 
cross section should be completely covered by the 
AA process aside from small non-resonant contri- 
butions. As already discussed above, we face the 
problem that the theoretical calculations, which 
take into account both these processes, severely 
underpredict the measured data for this channel 
by a factor of four, which naively would mean 
that the AA process ought to be larger by that 
factor. However, such an enlargement of this pro- 
cess would severely destroy any understanding of 
the data at high energies in the other channels 
as we may easily judge from inspection of Figs. 1 
and 2. Hence we conclude that another resonance 
mechanism must be present, which strongly con- 
tributes to the nmr~^Tr~^ channel and (7121, respec- 
tively, but not to CTioi. Since only the excitation 
of I — 3/2 resonances and their successive decay 
into Ntttt can fulfill these conditions, we have to 
look for a higher lying A excitation. The next 
higher-lying candidate is A(1600), which actually 
due to its large width of about 350 MeV appears 
not unlikely to contribute already at the energies 
of interest. Since A(1600) preferably decays via 
A(1232), it contributes strongly to the isotensor 
cross section and also to the isovector part, but 
not to the isoscalar one. Similar arguments hold 



also for the A(1700), which has the disadvantage 
of having the pole at still higher mass, but has 
the advantage of a s-wave decay A(1700) Att. 

With this hypothesis and the constraint 4> — 
we reconstruct the amplitude for the A(1600) ex- 
citation from cr„„^+ 7r+ assuming that the theo- 
retical prediction for the AA process must be es- 
sentially correct both in its magnitude and in its 
energy dependence. The latter should be particu- 
larily reliable, since its involves the well-known A 
propagators with double p-wave pion emission 

From eqs. (5) we see that and Mf^f' are 

of opposite sign, but the condition ^ = requires 
the complete matrix elements Mioi and M121 to 
be of the same sign. Hence AA and A(1600) con- 
tributions must interfere destructively in M121. 
This consideration then leads to the extraction 



of M 



A(1600) 
121 ! 



which is shown in Fig. 3, top, by 
(thin dotted 



its incoherent contribution a 



A(1600) 
121 



curve). Due to the imposed destructive interfer- 
ence must be a bit larger than cr„„jr+7r+. 
The imposed destructive interference is actually 
quite reasonable, if we consider the phase behav- 
ior of the two resonances. Both AA and A(1600) 
excitations reach their poles in the region around 
Tp « 1.4 GeV. However, whereas the resonance 
phase for A(1600) runs from zero to 180° as for 
usual resonances, the phase for the double res- 
onance excitation AA runs from zero to 360°. 
Hence, in the region of their dominant contribu- 
tions to N Ntttt, they are out of phase supporting 
thus the imposed interference. 

Having fixed now the issue of the unexpectedly 
large cross section in the nn7r+7r+ channel, we 
focus next on the decomposition of Mioi. Since 
the pole of the Roper excitation is in the region 
of Tp « 0.9 GeV, Roper and AA run now essen- 
tially with the same resonance phase in the region 
of interest, i.e. interfere constructively. By use of 
the AA cross section from the theoretical pre- 
diction we obtain then <j^qi as shown in Fig. 3, 
bottom, by the starred curve. Whereas <j^qi rises 
up to Tp Ri 0.9 GeV as expected by the theoreti- 
cal prediction for the Roper excitation, its levels 



•^However, we do not dare to extrapolate the behavior of 
the AA cross section up to 2 GeV. Hence we stop the 
decompositions in partial cross sections at 1.4 GeV. 
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off thereafter and decreases at still higher energies 
until it starts rising again beyond 1.3 GeV, where 
the excitation of the D13 resonance might be ex- 
pected. The essential observation here is that the 
Roper excitation exhibits an energy dependence 
reminiscent of a Lorentzian shape as it is ade- 
quate for a NN* s-channel resonance, but not 
for a t-channel associated N* production. How- 
ever, it can not be excluded at this stage that 
this peculiar behavior is also possibly due to the 
interference of the Roper excitation with that of 
higher-lying N* states. If we compare our solu- 
tion for (7^Qi in Fig. 3 with the theoretical pre- 
diction for the TV* excitation (dash-dotted curve 
Fig. 1, bottom), which shows a continously rising 
cross section for the Roper excitation, then we un- 
derstand, why the theoretical prediction fails so 
badly for the ppn'^ir'^ channel beyond 0.9 GeV. 

Having understood crioi and cri2i in some detail 
by the contributions from N* , AA and A(1600) 
excitations, we continue the discussion of crm and 
extend it thereafter also to (Ton. Since we have 
fixed the various resonance contributions already 
by their confrontation with tJioi and cri2i , we 
can calculate now crm and ctqii by use of the 
relations (3) - (6). The thus calculated contri- 
butions CTiii and (Toil a-re shown in Fig. 4 by 
the dashed and dot-dot-dot-dashed curves, re- 
spectively. Except of the highest energies Tp > 
1.3 GeV the calculated am is within the region 
of (Till (data) derived directly from the data. The 
sum of all isospin contributions is displayed by 
the solid curves. We see that the data in all chan- 
nels are now described quite reasonably. Even the 
pmr^TT^ cross section in the near-threshold region 
is reproduced somewhat better than by the cal- 
culations of Ref. [6], since it receives now also 
contributions from the A(1600) process. Still, 
since all isovector terms have to vanish at thresh- 
old, even the inclusion of the A(1600) does not 
contribute sufficiently at low energies, in order to 
achieve a satisfying description of the data there, 
too. A solution of this problem may be found 
in the pn final state interaction (FSI) not taken 
into account so far. In our procedure of isospin 
decomposition starting from the data in nmr^Tr~^ 
and ppn^Tr'^ channels we have effectively included 
the FSI there, since due to isospin symmetry this 



FSI should be the same for nn and pp pairs apart 
from Coulomb distorsions. However, in the pn 
system we have a much larger FSI, as borne out 
by the large pn scattering length. Indeed, if we 
calculate the FSI effect on the total cross sec- 
tion in a Migdal- Watson ansatz [23l24j based on 
the experimental scattering lengths and effective 
ranges, we obtain an enhancement of the total 
cross section in the near-threshold region, which 
in case of a pn final state is roughly a factor of 
two larger than in case of pp and nn final states. 
Thus inclusion of the pn FSI effect leads to a sat- 
isfactory understanding of the data also for the 
pmi^TT^ channel. 

In conclusion, new results for the total cross 
sections in NN'K'k channels have been presented. 
They reveal severe shortcomings in the previous 
theoretical descriptions of the two-pion produc- 
tion reaction. The isospin decomposition based 
on all presently available total cross sections iden- 
tify these shortcomings to be due to the effect 
of a higher-lying A resonance - most likely the 
A(1600) or possibly also the A(1700) ~ not con- 
sidered in previous studies and due to the finding 
that the energy dependence in the region of the 
Roper process exhibits a peculiar s-channel like 
energy behavior. 
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